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A popular evidence of the existence of Majorana bound states(MBS) is a quantized zero-bias
conductance peak(ZBCP) which is robust to scattering by impurities, a consequence of its topological
protection. In this work we examine the stability of this MBS induced ZBCP in a metal-topological
superconductor junction in the vicinity of a spin flipper. We analytically calculate the differential
charge conductance for metal-spin flipper-topological superconductor junctions with two distinct
topological superconductors: (a) spin less p-wave superconductor and (b) spin-orbit-coupled s-wave
superconducting wire in presence of a Zeeman field(SOCSW). We see that the quantized ZBCP
remains stable in presence of spin flip scattering for metal-p-wave superconductor junction, while
it loses its stability when the p-wave superconductor is replaced by a SOCSW. Further, from the
scattering matrix of the junction we find that the normal metal-p-wave superconductor junction
satisfies BDI symmetry class both in presence as well as absence of spin flip scattering. In the BDI
symmetry class both the Hamiltonian as well as the scattering matrix satisfy particle-hole, time
reversal and chiral symmetries. However, in case of normal metal-SOCSW junction the Hamiltonian
as well as scattering matrix belong to the symmetry class A for which neither the Hamiltonian nor
the scattering matrix satisfy particle-hole, time reversal or chiral symmetry relations regardless of the
presence or absence of spin flip scattering. The reason for ZBCP at metal-p wave superconductor
junction is perfect Andreev reflection regardless of spin flip scattering, while for metal-SOCSW
junction it is the exact cancellation between normal and Andreev reflection probabilities at zero
energy and not perfect Andreev reflection in absence of spin flip scattering which is the reason for
ZBCP. However, in presence of spin flip scattering there is no exact cancellation at zero energy
which leads to absence of quantized ZBCP for metal-SOCSW junction.
I. INTRODUCTION
In recent years Majorana bound states[1–3] (MBS) have been studied both theoretically and experimentally in
many setups. MBS are quasiparticle excitations within the superconductor at zero energy which are their own anti-
particles[4]. These Majorana zero modes can be observed at the boundary with a topological superconductor[2].
Possible signatures of MBS have been reportedly seen in nanowire-superconductor hybrid device[5–7], topological
insulator-superconductor heterostructure[8] and atomic chains on a superconductor[9]. Further there have been reports
of the generation of Majorana states at interfaces of normal metals and spin orbit coupled superconducting wire
(SOCSW)[10]. Our main motivation in this work is to propose a reliable check on the stability of Majorana bound
states at metal-topological superconductor interfaces. To show this we consider a spin flipper at a metal-topological
superconductor interface, and see that the quantized zero bias conductance peak (ZBCP) remains stable in presence
of spin flip scattering for p-wave superconductor(pSc) but unfortunately it loses its stability due to spin flip scattering
in case of a SOCSW. As a consequence, ZBCP does not take universal values when a spin flipper is placed at interface
of a metal-SOCSW.
To better understand the stability of MBS to spin-flip scattering, we study the symmetry of the scattering matrix(S-
Matrix) of a Metal-pSc as well as a Metal-SOCSW junction. In 1D, the Hamiltonian of a spinless pSc preserves all
three symmetries- particle-hole, time reversal and chiral, implying that the Hamiltonian for a spinless pSc is in
topological class BDI[13]. An one dimensional normal metal-spin less pSc junction is considered in Ref. 10, and by
analytically calculating the different reflection probabilities it is shown that the zero bias conductance is robustly
quantized at 2e2/h in the topological regime. The Hamiltonian for pSc used in Ref. 10 is similar to that in Ref. 11.
The Hamiltonian in Ref. 10 for the normal metal-pSc junction belongs to symmetry class BDI. In Ref. 12, another way
to determine the symmetry class is proposed, which is using the symmetries of the scattering matrix. The symmetries
of the S-Matrix can be classified into ten symmetry classes[13]. In Ref. 10 S-Matrix for normal metal-pSc junction
satisfies particle hole, time reversal and chiral symmetries and thus belongs to the symmetry class BDI which has a
topological nature in 1D. Both Hamiltonian and S-Matrix for the normal metal-pSc junction in Ref. [10] belong to
the BDI symmetry class. In our work, there is a spin flipper at metal-pSc interface. We find that irrespective of spin
flip scattering at the interface between metal and pSc, the zero bias S-Matrix always lies in the symmetry class BDI.
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2The topological quantum number for class BDI is the number of negative eigenvalues of the S-Matrix, which does not
change with change of parameters regardless of spin flip scattering. Thus, the topological properties of the predicted
MBS at a Metal-pSc junction are robust to spin-flip scattering.
Further, in Ref. 10, similar to metal-pSc junction the metal-SOCSW junction is also studied analytically and it is
seen that the zero bias conductance peak (ZBCP) is quantized. The normal Metal-SOCSW junction Hamiltonian in
their work belongs to the symmetry class A. The S-Matrix thus also belong to the same symmetry class A, which in 1D
is not topological and the S-Matrix has no symmetry[13]. In Ref. 14, Majorana Fermion wave functions occurring in
a Metal-SOCSW junction are derived. The SOCSW Hamiltonian used in Ref. 14 is similar to that of Ref. 10 and the
SOCSW Hamiltonian in Ref. 14 is in the symmetry class A. Further, in Ref. 15, the SOCSW Hamiltonian also belongs
to the same symmetry class A. There are only three papers which deal with a 1D linearized SOCSW Hamiltonian,
one is Ref. 10 and the other two are Ref. 14 and Ref. 15. In all these references, the SOCSW Hamiltonians after
linearization leads to two branches: interior and exterior branches. The interior branch Hamiltonians in all these
papers are in the same symmetry class A. However, the exterior branch Hamiltonians in Ref. 10 and Ref. 15 are in
AII symmetry class, while in Ref. 14 is in the symmetry class DIII. Further, the S-Matrix of Normal metal-SOCSW
junction in Ref. 10, does not satisfy any symmetry relations. Therefore, both Hamiltonian and S-Matrix for normal
metal-SOCSW junction in Ref. 10 belongs to the symmetry class A which in 1D is non-topological and without any
topological quantum number. In our case, when spin flipper does not cause any spin flip, we see similar behavior as in
Ref. 10, i.e., the S-Matrix for SOCSW does not satisfy any symmetry relations but there is a ZBCP which is brought
out not because of perfect Andreev reflection as in normal metal-pSc junction but because of exact cancellation
of normal and Andreev reflection, a fact already noticed in Ref. [10]. Curiously, though the S-Matrix of a normal
metal-SOCSW junction in 1D is in class A and therefore non-topological, we find the topological quantum number
for class D (Determinant of the S-Matrix) does not change with change of parameters. Again, in presence of spin flip
scattering, the S-Matrix for normal metal-SOCSW junction also has no symmetry and is in class A. But in contrast
to no flip process, topological quantum number for class D, i.e., determinant of the S-Matrix changes with change of
parameters. In presence of spin flip scattering the determinant of the S-Matrix for SOCSW is complex with absolute
value 1. Thus, a 1D normal metal-SOCSW junction which purportedly hosts a MBS loses whatever topological nature
it possesses when subject to spin flip scattering and as a result the ZBCP is no longer stable at a metal-SOCSW
interface.
The paper is organized as follows: in the next section we first present our model for spin-flip scattering at a normal
metal-pSc interface and then at a normal metal-SOCSW interface by writing the Hamiltonian, wavefunctions and
boundary conditions to determine the different scattering probabilities. Following this we discuss our results by
comparing the zero-bias conductance in metal-SOCSW junction with that in metal-pSc junction in presence of spin
flip scattering. We next discuss the symmetry class of the S-Matrix for both Metal-pSc junction and Metal-SOCSW
junction in presence of spin flip scattering. Finally, we conclude with a brief summary of our work.
II. THEORY
In this work we contrast the Majorana states arising at metal-pSc interfaces with those arising at metal-SOCSW
interfaces. The exact setting we will use is shown in Figs. 1(a) and 2(a), it represents a spin flipper at x = −a while
at x = 0 a δ-like potential barrier which separates the normal metal from pSc or SOCSW. The regions I (x < −a)
and II (−a < x < 0) are metallic while for x > 0 there is a pSc or SOCSW in the topological regime.
A. Spin flipper in the vicinity of Metal-pSc junction
1. Hamiltonian
We consider a one-dimensional normal metal (NM)-normal metal (NM)-pSc junction wherein a spin flipper is
embedded between two metallic regions at x = −a. The interface at x = 0 (see Fig. 1) is modeled by a δ-like potential
barrier (strength Z) and the problem is solved using the BTK[16] approach. When a spin up/down electron with
energy E is incident from the metallic region, at the x = −a interface, it interacts with the spin flipper through an
exchange interaction which may cause a mutual spin flip. The incident electron can be reflected back to metallic
region I, or transmitted to metallic region II, with spin up or down. When this transmitted electron is incident at
x = 0 interface it can be normally reflected back as an electron from the interface or could be Andreev reflected, i.e.,
a spin up or down hole back to region II. Spin polarized electron-like and hole-like quasi-particles are transmitted
into the superconductor for energies above the superconducting gap. The Hamiltonian for spin flip interaction, from
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FIG. 1: (a) Normal metal (NM)-Normal metal (NM)-pSc junction in topological regime (µpSc > 0) with a spin flipper (spin
S′, magnetic moment m′) at x = −a and a δ-like potential barrier (strength Z) at x = 0. The scattering of a incident spin up
electron is shown. Normal reflection, Andreev reflection and quasi-particle transmission into p-wave superconductor are
represented, (b) Energy spectrum of the spinless p wave superconductor for nontopological (µpSc = −0.01), transition
(µpSc = 0) and topological regimes (µpSc = 0.01). ∆pSc = 0.07.
Refs. [17–21] is
HSpinflipper = −J~s. ~S′, (1a)
~s.~S′ = szS′z +
1
2
(s−S′+ + s+S′−), (1b)
J denotes the strength of exchange coupling between electron’s spin ~s and spin ~S′ (of spin-flipper). S′± = S′x± iS′y are
the spin raising and lowering operators for spin flipper while s± = sx± isy are the spin raising and lowering operators
for electron/hole with sk =
~
2
(
σk 0
0 σk
)
, k = x, y, z, with σk being the usual Pauli matrices. The Bogoliubov-de
Gennes (BdG) Hamiltonians for normal metal (NM) and p-wave superconductor (pSc), from[10] are-
HNM = (−~2∂2x/2m∗ − µNM )τz, (2a)
HpSc = (−~2∂2x/2m∗ − µpSc)τz − i∆pSc∂xτx, (2b)
µNM and µpSc are the respective chemical potentials, m
∗ the mass of electron, ∆pSc ≥ 0 is the p-wave pairing potential,
τµ = σµ⊗I, with I being 2×2 identity matrix and σµ(µ = x, y, z) are the Pauli matrices. For simplicity, we consider ~ =
µNM = 2m
∗ = 1. The energy spectrum are then εNM,±(k) = ±(k2−1) and εpSc,±(k) = ±
√
(k2 − µpSc)2 + (∆pSck)2,
respectively. In Fig. 1(b) we plot the energy spectra of the pSc for different values of µpSc. It is seen that the
energy spectrum becomes gapless at µpSc = 0. But for nontopological regime, there is a energy gap |µpSc| in the
energy spectrum. In this work we only concentrate on the topological regime[10], i.e., µpSc > 0. For µpSc > ∆
2
pSc/2,
the positive energy spectrum for pSc shows the characteristic “double-well” BCS structure with minima at 1 =
∆pSc
√
µpSc −∆2pSc/4 for k = ±
√
µpSc −∆2pSc/2 and a local maximum at 2 = µpSc for k = 0, as seen in Fig. 1(b).
2. Wavefunctions-
The wave functions for the different regions of our system as shown in Fig. 1 can be written for a spin-up electron
incident at x = −a interface as-
ψINM (x)=
100
0
 ei(x+a)φS′m′+r↑↑ee
100
0
 e−i(x+a)φS′m′+r↑↓ee
010
0
 e−i(x+a)φS′m′+1+r↑↑eh
001
0
 ei(x+a)φS′m′+1+r↑↓eh
000
1
 ei(x+a)φS′m′ ,
for x < −a,
(3)
4ψIINM (x) = t
′↑↑
ee
100
0
 ei(x+a)φS′m′+t′↑↓ee
010
0
 ei(x+a)φS′m′+1+b↑↑ee
100
0
 e−ixφS′m′+b↑↓ee
010
0
 e−ixφS′m′+1
+c↑↑eh
001
0
 eixφS′m′+1+c↑↓eh
000
1
 eixφS′m′ + a↑↑eh
001
0
 e−i(x+a)φS′m′+1 + a↑↓eh
000
1
 e−i(x+a)φS′m′ , for −a < x < 0, (4)
ψpSc(x) = t
↑↑
ee
η−00
1
 eik−xφS′m′+t↑↓ee
 0η−1
0
 eik−xφS′m′+1+t↑↑eh
 0η+1
0
 eik+xφS′m′+1+t↑↓eh
η+00
1
 eik+xφS′m′ , for x > 0, (5)
where η± =
E+k2±−µpSc
∆pSck±
and φS
′
m′ is the eigenspinor of spin flipper: with the S
′
z operator acting as- S
′
zφ
S′
m′ = m
′φS
′
m′ ,
m′ is the magnetic moment of spin flipper. r↑↑ee , r
↑↓
ee , are the normal reflection amplitudes for no flip and spin flip,
while r↑↑eh, r
↑↓
eh are Andreev reflection amplitudes for no flip and spin flip respectively. Similarly, t
↑↑
ee , t
↑↓
ee , t
↑↑
eh, t
↑↓
eh are
the transmission amplitudes into pSc. In Eqs. 3, 4 we approximate the wave vector in normal metal by the Fermi
wave vector kF =
√
2m∗µNM/~ = 1 (since ~ = µNM = 2m∗ = 1) with E << EF . Wave vector’s k± in p-wave
superconductor are solutions of-
E2 = (k2 − µpSc)2 + (∆pSck)2. (6)
Solutions of Eq. 6 for various values of chemical potential µpSc > 0 (in the topological regime) with energy E are
mentioned in Table I.
3. Boundary conditions
Boundary conditions at x = −a are- ψINM (x) = ψIINM (x) (continuity of wavefunction) and, 2i∂xτzψINM (x) −
2i∂xτzψ
II
NM (x) = 2iJ~s.
~S′τzψINM (x) (discontinuity in first derivative). Boundary conditions at x = 0 are- ψ
II
NM (x) =
ψpSC(x) (continuity of wavefunction) and, (−2i∂xτz + ∆pSCτx)ψpSC(x) + 2i∂xτzψIINM (x) = −2iZτzψIINM (x) (discon-
tinuity in first derivative).
TABLE I: Solutions of Eq. (6) for various values of chemical potential µpSc > 0 (topological regime) and energy E
µpSc E k+ k−
0 < µpSc ≤ ∆2pSc/4 0 ≤ E ≤ 2 i[(∆2pSc/2− µpSc) +
√
E2 − 21]1/2 i[(∆2pSc/2− µpSc)−
√
E2 − 21]1/2
E ≥ 2 [(µpSc −∆2pSc/2) +
√
E2 − 21]1/2 i[(∆2pSc/2− µpSc) +
√
E2 − 21]1/2
∆2pSc/4 ≤ µpSc ≤ ∆2pSc/2 0 ≤ E ≤ 1 [(µpSc −∆2pSc/2) + i
√
21 − E2]1/2 −[(µpSc −∆2pSc/2)− i
√
21 − E2]1/2
1 ≤ E ≤ 2 i[(∆2pSc/2− µpSc) +
√
E2 − 21]1/2 i[(∆2pSc/2− µpSc)−
√
E2 − 21]1/2
E ≥ 2 [(µpSc −∆2pSc/2) +
√
E2 − 21]1/2 i[(∆2pSc/2− µpSc) +
√
E2 − 21]1/2
µpSc ≥ ∆2pSc/2 0 ≤ E ≤ 1 [(µpSc −∆2pSc/2) + i
√
21 − E2]1/2 −[(µpSc −∆2pSc/2)− i
√
21 − E2]1/2
1 ≤ E ≤ 2 [(µpSc −∆2pSc/2) +
√
E2 − 21]1/2 −[(µpSc −∆2pSc/2)−
√
E2 − 21]1/2
E ≥ 2 [(µpSc −∆2pSc/2) +
√
E2 − 21]1/2 i[(∆2pSc/2− µpSc) +
√
E2 − 21]1/2
The action of spin-flipper Hamiltonian ~s. ~S′ on the wavefunction ψINM via the boundary condition at x = −a gives
for spin up electron-
~s.~S′τz

1
0
0
0
φS′m′ = m′2

1
0
0
0
φS′m′ + F2

0
1
0
0
φS′m′+1, (7)
5where F =
√
(S′ −m′)(S′ +m′ + 1) is the spin flip probability of spin flipper. Similarly, the action of exchange
operator for spin down electron gives-
~s.~S′τz

0
1
0
0
φS′m′+1 =−m′ + 12

0
1
0
0
φS′m′+1+F2

1
0
0
0
φS′m′ . (8)
Further, the action of exchange operator on spin up holes gives-
~s.~S′τz

0
0
1
0
φS′m′+1 =m′ + 12

0
0
1
0
φS′m′+1−F2

0
0
0
1
φS′m′ , (9)
and finally the action of exchange operator on spin down holes gives-
~s.~S′τz

0
0
0
1
φS′m′=−m′2

0
0
0
1
φS′m′−F2

0
0
1
0
φS′m′+1. (10)
Using the above equations and solving the boundary conditions we obtain 16 equations. From these 16 equations we
can compute the different scattering probabilities: R↑↑ee = |r↑↑ee |2, R↑↓ee = |r↑↓ee |2, R↑↑eh = |r↑↑eh|2, R↑↓eh = |r↑↓eh|2. Similarly,
if we consider a spin down electron incident from metallic region I, we get the different scattering probabilities as
follows- R↓↑ee , R
↓↓
ee , R
↓↑
eh, R
↓↓
eh.
B. Spin flipper in the vicinity of metal-SOCSW junction
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FIG. 2: Normal metal (NM)-Normal metal (NM)-SOCSW junction with a spin flipper (spin S′, magnetic moment m′) at
x = −a and a δ-like potential barrier (strength Z) at x = 0. The scattering of a incident spin-up electron is shown. Normal
reflection, Andreev reflection and quasi particle transmission into SOCSW are shown.
Next, we consider a spinful normal metal (NM)-spin flipper-normal metal (NM)-Insulator (I)-SOCSW junction as
shown in Fig. 2. As done before, we model the metal superconductor interface as a δ-like potential barrier with
strength Z.
61. Hamiltonian
Using the same convention as before, i.e., ~ = 2m∗ = µNM = 1, the BdG Hamiltonians for normal metal (NM) and
spin orbit coupled superconducting wire (SOCSW) can be written as[10]-
HNM = (−∂2x − 1)τz, (11a)
HSOCSW = −∂2xτz − iβ∂xτzσz+BZσx+∆0τx, (11b)
with β being strength of spin orbit interaction, BZ is Zeeman field, and ∆0 ≥ 0- the proximity induced s-wave pairing
potential. We also consider uniform electron masses throughout the system and fix chemical potential of the SOCSW
and Zeeman interaction in the lead to be zero[10]. The positive branches of the energy spectrum[10] of SOCSW are
given as εSOCSW,±(k) = (k4 + β2k2 + ∆20 +B
2
Z ± 2
√
k4(β2k2 +B2Z) + ∆
2
0B
2
Z)
1/2. The energy spectrum for SOCSW
is shown in Fig. 3 for nontopological (BZ < ∆0), topological (BZ > ∆0) and transition regimes (BZ = ∆0). There is
a gap in the energy spectrum except for BZ = ∆0. We focus only on the topological regime BZ > ∆0[10, 22]. In the
limit of strong spin orbit interaction (SOC) (β  BZ ,∆0), the energy spectrum of the SOCSW has two branches[10]-
(i) interior branch, (ii) exterior branch. In Fig. 4 we plot the energy spectrum for SOCSW in the limit of strong SOC.
The energy spectrum about the minima at k = 0 form the interior branches, while the energy spectrum about the
minima at k = ±α constitute the exterior branches. The BdG Hamiltonians for the interior and exterior branches of
the SOCSW in the case of strong SOC can be written as[10]-
H
(i)
SOCSW = −iβτzσz∂x +BZσx + ∆0τx, (12a)
H
(e)
SOCSW = −iβτzσz∂x + ∆0τx, (12b)
where i, e denote the interior and exterior branches respectively.
Apart from Ref. 10 which linearizes the SOCSW Hamiltonian there are a couple of other papers, namley Refs. 14
and 15 which do that too. The BdG Hamiltonian used for the superconducting nanowire in Ref. 14 is given by-
H lSOCSW = −∂2xτz − iβσz∂x +BZσxτz + ∆0σyτy (13)
The linearized BdG Hamiltonians from Eq. 13 for the interior and exterior branches of the superconducting nanowire
in the regime of strong SOC as given in Ref. 14 is-
H
l(i)
SOCSW = −iβσz∂x +BZσxτz + ∆0σyτy, (14a)
H
l(e)
SOCSW = iβσz∂x + ∆0σyτy, (14b)
Similarly, the linearized SOCSW Hamiltonian mentioned in Ref. 15 is given as-
HfSOCSW = −∂2xτz − iβτzσy∂x +BZσz + ∆0τx (15)
The interior and exterior branches Hamiltonians for SOCSW from Eq. 15 in the limit of strong SOC are[15]-
H
f(i)
SOCSW = −iβτzσy∂x +BZσz + ∆0τx, (16a)
H
f(e)
SOCSW = iβτzσy∂x + ∆0τx, (16b)
The SOCSW Hamiltonians used in Ref. 10 (Eq. 11b), Ref. 14 (Eq. 13) and Ref. 15 (Eq. 15) satisfy the symmetry
relation HSOCSW (k) = H
†
SOCSW (k), H
l
SOCSW (k) = H
l†
SOCSW (k) and H
f
SOCSW (k) = H
f†
SOCSW (k) respectively. Thus,
according to the symmetry properties of the Hamiltonian, all the Hamiltonians in Ref. 10, Ref. 14, Ref. 15 belong to
the same symmetry class A[13]. On the other hand the exterior branches Hamiltonian in Ref. 10 (Eq. 12b) and Ref. 15
(Eq. 16b) in addition to the hermiticity satisfy the time reversal symmetry relation HeSOCSW (k) = σyH
e∗
SOCSW (−k)σy
and H
f(e)
SOCSW (k) = σyH
f(e)∗
SOCSW (−k)σy respectively, therefore belong to the AII class[13]. But the exterior branch
Hamiltonian in Ref. 14 (Eq. 14b) satisfies the time reversal symmetry relation H
l(e)
SOCSW (k) = τyH
l(e)∗
SOCSW (−k)τy
and particle-hole symmetry relation H
l(e)
SOCSW (k) = −τxH l(e)∗SOCSW (−k)τx and thus according to the classification of
symmetries of the Hamiltonian it belongs to DIII class[13]. The interior branch Hamiltonians (Eqs. 12a, 14a, 16a) in
Ref. 10, Ref. 14 and Ref. 15 satisfy the symmetry relation H
(i)
SOCSW (k) = H
(i)†
SOCSW (k), H
l(i)
SOCSW (k) = H
l(i)†
SOCSW (k)
andH
f(i)
SOCSW (k) = H
f(i)†
SOCSW (k) respectively, and belong to the same symmetry class A. Thus, as a whole the linearized
Hamiltonians for all cases belong to symmetry class A.
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FIG. 3: Energy spectrum of the SOCSW for (a) nontopological regime (VZ < ∆0), (b) transition regime (VZ = ∆0) and (c)
topological regime (VZ > ∆0). Parameters are: α = 0.5, ∆0 = 0.03
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FIG. 4: Energy spectrum of the SOCSW in the limit of strong SOC. Only the positive branch of the energy spectrum is
shown here.
2. Wavefunctions
The wavefunction in the normal metal regions I and II for spin up electron incident with energy E is as mentioned
in Eqs. 3, 4. The wavefunction in the SOCSW is sum of solutions for exterior as well as an interior branch (Eq. 12)
and in the topological regime can be written as[10]-
ψSOCSW (x)= t
(i)
1

−u−φS′m′
−v−φS′m′+1
v−φS
′
m′+1
u−φS
′
m′
 eik(i)− x+t(i)2

u+φ
S′
m′
v+φ
S′
m′+1
v+φ
S′
m′+1
u+φ
S′
m′
 eik(i)+ x+t(e)1

v0φ
S′
m′
0
u0φ
S′
m′+1
0
 ei(k(e)0 −β)x+t(e)2

0
u0φ
S′
m′+1
0
v0φ
S′
m′
 ei(k(e)0 +β)x
(17)
where the first two terms on the right-hand side denote contributions from the interior branches, while the other two
terms give contributions from the exterior branches. t
(i)
(1,2) and t
(e)
(1,2) are the transmission amplitudes into SOCSW.
In Eq. 17, for E ≥ |∆λ|, u2λ = E+(E
2−∆2λ)1/2
2E and u
2
λ + v
2
λ = 1, while for 0 ≤ E < |∆λ|, u2λ = E+i(∆
2
λ−E2)1/2
2|∆λ| and
u2λ+v
2
λ =
E
|∆λ| , where λ = ±, 0, and ∆± = ∆0±BZ . The wave vectors in Eq. 17 are k
(i)
± =
(E2−∆2±)1/2
β for the interior
branch, and k
(e)
0 =
(E2−∆20)1/2
β for the exterior branch.
3. Boundary conditions
The boundary conditions at x = −a are- ψINM (x) = ψIINM (x) (continuity of wavefunction) and, 2i∂xτzψINM (x) −
2i∂xτzψ
II
NM (x) = 2iJ~s.
~S′τzψINM (x) (discontinuity in first derivative). The boundary conditions at x = 0 are-
8ψIINM (x) = ψSOCSW (x) (continuity of wavefunction) and, (−2i∂xτz + βτzσz)ψSOCSW (x) + 2i∂xτzψIINM (x) =
−2iZτzψIINM (x) (discontinuity in first derivative). Substituting the wavefunctions in the above boundary condi-
tions we get 16 equations. Solving the 16 equations we get different normal and Andreev reflection probabilities:
R↑↑ee = |r↑↑ee |2, R↑↓ee = |r↑↓ee |2, R↑↑eh = |r↑↑eh|2, R↑↓eh = |r↑↓eh|2. Similarly, if we consider a spin down electron incident from
normal metal (region I), we can easily calculate the different reflection probabilities as: R↓↑ee = |r↓↑ee |2, R↓↓ee = |r↓↓ee |2,
R↓↑eh = |r↓↑eh|2, R↓↓eh = |r↓↓eh|2. We do not repeat them here but in analogy to spin up case the wavefunctions can be
easily written and solved for the afore mentioned boundary conditions.
C. Differential charge conductance
Using the well established definitions as in Refs. [23, 24], we calculate the net differential charge conductance as-
Gc = G
↑
c +G
↓
c , with G
↑
c = G0(1 +R
↑↑
eh +R
↑↓
eh −R↑↑ee −R↑↓ee )
and G↓c = G0(1 +R
↓↑
eh +R
↓↓
eh −R↓↑ee −R↓↓ee ) (18)
with, G0 = e
2/h and G↑c - the differential charge conductance when spin up electron is incident from region I, while
G↓c - the differential charge conductance when spin down electron is incident from region I.
III. RESULTS & ANALYSIS
In Table II, we compare the zero-bias conductance of a NM-spin flipper-NM-I-SOCSW junction and NM-spin
flipper-NM-I-pSc junction for both transparent (Z = 0) and tunnel (Z = 3) regimes. For spin flip case, F 6= 0, i.e.,
S′ 6= m′, see Eqs. (7-10), implying there is finite possibility for spin-flipper to flip its own spin while interacting with
an electron. On the other hand, for no flip case, F = 0, i.e., S′ = m′. We take two different values of spin orbit
coupling strength β (β = 1 and β = 2) for SOCSW in second and third column of Table II. We also take two different
values of µpSc = 0.01, 0.001, for pSc in fourth and fifth column of Table II. For no flip (F = 0) case we see that
the normalized zero bias conductance Gc/G0 is quantized at 2 for NM-spin flipper-NM-I-SOCSW junction, while for
NM-spin flipper-NM-I-pSc junction it is quantized at 4 regardless of other parameters like S′, m′, J , Z, β, µpSc,
etc. The reason for this is that the Andreev and normal reflection probabilities exactly cancel at zero bias in Eq. 18
for NM-spin flipper-NM-I-SOCSW junction while for NM-spin flipper-NM-I-pSc junction there is perfect Andreev
reflection (i.e., normal reflection probabilities vanish) at zero bias and thus from Eq. 18, Gc/G0 is quantized at 4. In
Table II, we have three non-zero values of spin flip probability (F = 1,
√
3, 3) for transparent junction (Z = 0) while
two non-zero values (F = 1, 3) for tunnel junction (Z = 3), since the case of F =
√
3 is plotted in Fig. 5.
TABLE II: Comparison of differential charge conductance at zero bias (E = 0) in the topological regime between
NM-spin flipper-NM-I-SOCSW and NM-spin flipper-NM-I-p-wave junction
NM-spin flipper-NM-I-SOCSW NM-spin flipper-NM-I-p-wave
Parameters↓→ Z = 0, E = 0, a = pi, ∆0 = 0.001, BZ = 1.5∆0 Z = 0, E = 0, a = pi, ∆pSc = 0.07
Gc/G0 for β = 1 Gc/G0 for β = 2 Gc/G0 Gc/G0
(µpSc = 0.001) (µpSc = 0.01)
No flip (F = 0, S = m′) 2 2 4 4
Flip (F = 1, S′ = −m′ = 1/2) 800+272J
2+50J4
400+200J2+29J4
2048+128J2+50J4
1024+320J2+41J4
4 4
Flip (F =
√
3, S′ = −m′ = 3/2) 800+976J
2+578J4
400+680J2+301J4
2048+640J2+578J4
1024+1088J2+337J4
4 4
Flip (F = 3, S′ = −m′ = 9/2) 800+6928J
2+20402J4
400+4040J2+10237J4
2048+8320J2+20402J4
1024+6464J2+10345J4
4 4
Parameters↓→ Z = 3, E = 0, a = pi, ∆0 = 0.001, BZ = 1.5∆0 Z = 3, E = 0, a = pi, ∆pSc = 0.07
Gc/G0 (β = 1) Gc/G0 (β = 2) Gc/G0 Gc/G0
(µpSc = 0.001) (µpSc = 0.01)
No flip (F = 0, S′ = m′) 2 2 4 4
Flip (F = 1, S′ = −m′ = 1/2) 53792+15744J+4304J
2+480J3+50J4
26896+7872J+2792J2+336J3+29J4
61952+16896J+4160J2+480J3+50J4
30976+8448J+4640J2+624J3+41J4
4 4
Flip (F = 3, S′ = −m′ = 9/2) 53792+15744J+66256J2+9696J3+20402J4
26896+7872J+38888J2+5712J3+10237J4
61952+16896J+67648J2+9696J3+20402J4
30976+8448J+56864J2+8304J3+10345J4
4 4
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FIG. 5: Differential charge conductance in presence of spin flip scattering as a function of energy E for different values of
interface barrier strength Z in the topological regime, (a) for NM-spin flipper-NM-I-pSc and (b) for NM-spin
flipper-NM-I-SOCSW junction. Parameters are: F =
√
3 (S′ = −m′ = 3/2), J = 1, µpSc = 0.01, ∆pSc = 0.07, a = pi,
∆0 = 0.001, β = 0.5, BZ = 1.5∆0.
We notice that for NM-spin flipper-NM-I-SOCSW junction, Gc/G0 is no longer quantized and depends on the pa-
rameters S′, m′, J , Z, β, etc. However, this is not the case for NM-spin flipper-NM-I-pSc junction, wherein Gc/G0
is robustly quantized and is independent of spin flip scattering. For no flip(F = 0) case Gc/G0 is robustly quantized
in the topological regime for both cases, see Table II. Thus, in a metal-pSc junction the “Majorana states”are not
affected by presence of spin flipper, while for metal-SOCSW junction the “Majorana states”are affected by presence
of spin flipper. In Fig. 5 we plot the differential charge conductance as a function of energy E for different values
of interface barrier strength Z in the topological regime. In Fig. 5(a) for a NM-spin flipper-NM-I-pSc junction we
see that Gc/G0 at E = 0 is quantized and independent of Z and spin flip probability (F ) of spin-flipper. Thus the
topological character of the zero-bias conductance peak is evident, implying the stability of Majorana state in NM-spin
flipper-NM-I-pSc junction. In Fig. 5(b) we do the same for NM-spin flipper-NM-I-SOCSW junction. We see that
Gc/G0 at E = 0 is not quantized and depends on interface transparency Z. Thus, in presence of spin flip scattering
the topological character of zero-bias conductance peak seen in case of NM-spin flipper-NM-I-SOCSW junction is
affected, suggesting the absence of Majorana states in such junctions. Next we try to find out possible reasons for
this behavior.
A. Spin flip scattering and symmetry class
To understand the deviation from topological character due to spin flip scattering in case of NM-SOCSW junction,
we analyze the scattering matrix for our system, which is a 4× 4 matrix below the gap, given by-
SNS =
(
see seh
she shh
)
(19)
where see =
(
r↑↑ee r
↑↓
ee
r↓↑ee r
↓↓
ee
)
, seh =
(
r↑↑eh r
↑↓
eh
r↓↑eh r
↓↓
eh
)
, she =
(
r↑↑he r
↑↓
he
r↓↑he r
↓↓
he
)
, shh =
(
r↑↑hh r
↑↓
hh
r↓↑hh r
↓↓
hh
)
are all 2× 2 block matrix. rσσ′e(h)e(h)
is the normal reflection amplitude of an incoming electron (hole) with spin σ reflected as a electron (hole) with spin
σ′. Similarly, rσσ
′
e(h)h(e) is the Andreev reflection amplitude of an incoming electron (hole) with spin σ reflected as a
hole (electron) with spin σ′, σ =↑, ↓ and σ′ =↑, ↓. Following the similar procedure as mentioned before in section II,
if we consider a spin up (down) hole incident from normal metal region I, we will get different reflection amplitudes
as: r↑↑hh (r
↓↑
hh), r
↑↓
hh (r
↓↓
hh), r
↑↑
he (r
↓↑
he), r
↑↓
he (r
↓↓
he).
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1. p-wave
For no flip process (F = 0), and parameters J = 1, a = pi, Z = 1, E = 0, µpSc = 0.01 and ∆pSc = 0.07, the
scattering matrix for p-wave superconductor is given as-
SNS =

0 0 0 −i
0 0 −i 0
0 i 0 0
i 0 0 0
 (20)
SNS is an unitary matrix with SNS .S
†
NS = 1 and Det SNS = 1. The scattering matrix SNS and its determinant Det
SNS (Det SNS = 1) do not change with change of parameters like J , Z, a. In Eq. 20 block reflection matrices satisfy
the particle-hole symmetry- see = s
∗
hh and seh = s
∗
he. Using this particle-hole symmetry we can choose a basis where
all the block matrices have purely real elements. This is called Majorana basis[12, 25] in which the scattering matrix
is a real orthogonal matrix. The Majorana character of Bogoliubov quasiparticle is hidden in particle-hole basis, but
becomes evident in Majorana basis. Thus, to transform the particle-hole basis into Majorana basis of the scattering
matrix SNS , we do a unitary transformation on the scattering matrix SNS such that the transformed scattering matrix
is-
S = ΩSNSΩ
†,Ω =
1√
2

1 0 1 0
0 1 0 1
−i 0 i 0
0 −i 0 i
 . (21)
After some algebraic calculation we obtain S =

0 0 0 −1
0 0 −1 0
0 −1 0 0
−1 0 0 0
. The matrix S is also an unitary matrix with Det
S =Det SNS = 1. The transformed scattering matrix S and its determinant Det S remain unchanged with change
of different junction parameters like J , Z, a. Since, the matrix S satisfies S = S∗ (particle-hole symmetry), S = ST
(time-reversal symmetry) and S2 = 1 (chiral symmetry), thus according to the classification of symmetries of the
S-Matrix for the 1D NM-p-wave superconductor junction is in symmetry class BDI[12]. In 1D BDI class is topological
with the topological quantum number Q for class BDI defined as the number of negative eigenvalues of scattering
matrix[12, 13]-
Q = ν(r) (22)
where ν(r) is the number of negative eigenvalues of scattering matrix S. The eigenvalues of S are- −1, −1, 1, 1.
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FIG. 6: (a) Topological quantum number Q for class BDI in absence of spin flip scattering as a function of interface
transparency Z, (b) Topological quantum number Q for class BDI in absence of spin flip scattering as a function of exchange
interaction J , (c) Topological quantum number Q for class BDI in presence of spin flip scattering as a function of interface
transparency Z, (d) Topological quantum number Q for class BDI in presence of spin flip scattering as a function of exchange
interaction J . Parameters are S′ = m′ = 1/2 (for (a), (b)), S′ = −m′ = 1/2 (for (c), (d)), J = 1 (for (a), (c)), Z = 1 (for (b),
(d)), µpSc = 0.01, ∆pSc = 0.07, a = pi.
Thus, in no flip process topological quantum number for class BDI is 2. In Figs. 6(a) and 6(b) we plot topological
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quantum number Q as a function of Z and J respectively. Fig. 6 shows that Q is constant at 2 independent of J
and Z. Thus, topological quantum number Q for BDI remains robust against any change of parameters in absence of
spin-flip scattering.
Now in presence of spin-flip scattering(F 6= 0), the S-Matrix SNS (Eq. 20) for Normal Metal-p-wave superconductor
junction remains identical. Similar to the preceeding case of no spin-flip scattering, the S-Matrix and its determinant
do not change with change of different parameters for spin-flip scattering too. Thus, in presence of spin flip scattering
the 1D normal metal-p-wave superconductor junction also belongs to the same symmetry class BDI with topological
quantum number Q = 2. In Figs. 6(c) and 6(d) we plot topological quantum number Q as a function of Z and J
respectively. We see that Q remains constant at 2 and does not change with change of Z and J similar to no flip
process.
2. SOCSW
We do a similar analysis as was done for normal metal-p-wave superconductor junction for the normal metal-SOCSW
junction. Our purpose is to understand the loss of ZBCP in presence of spin flip scattering in a NM-spin flipper-NM-
I-SOCSW junction. We first analyze the case where there is no spin flip scattering. The scattering matrix, for no flip
process (S′ = 1/2,m′ = 1/2, F = 0), and for parameters J = 1, Z = 1, E = 0, β = 0.5, a = pi, and BZ = 1.5∆0 is-
SNS =

0.065− 0.261i −0.543− 0.043i −0.130 + 0.326i 0.696 + 0.152i
0.326− 0.130i −0.369− 0.609i 0.261− 0.065i −0.217− 0.5i
0.217− 0.5i 0.261 + 0.065i −0.369 + 0.609i −0.326− 0.130i
0.696− 0.152i 0.130 + 0.326i 0.543− 0.043i 0.065 + 0.261i
 (23)
where SNS is a unitary matrix with SNS .S
†
NS = 1 and Det SNS = −1. The S-Matrix SNS however changes with
change of parameters unlike the S-Matrix for Normal metal-p-wave superconductor junction. For a = pi/2 it is-
SNS =

−0.133 + 0.668i 0.594− 0.096i −0.214 + 0.228i 0.255 + 0.107i
−0.214 + 0.228i 0.255 + 0.107i 0.659− 0.173i −0.346− 0.492i
0.346− 0.492i 0.659 + 0.173i 0.255− 0.107i 0.214 + 0.228i
0.255− 0.107i 0.214 + 0.228i −0.594− 0.096i −0.133− 0.668i
 (24)
where the other parameters are same as for Eq. 23. As shown in Eqs. 23, 24, the S-Matrix for a 1D normal metal-
SOCSW junction in absence of spin-flip scattering changes with change in junction length a, while its determinant
(Det SNS = −1) does not depend on a, in both cases a = pi and a = pi/2, Det SNS = −1. We have checked that
the S-Matrix SNS changes with other parameters like J , Z, although its determinant remains constant at −1 (Det
SNS = −1). Similarly, as mentioned before, when we transform the particle-hole basis of the S-Matrix into Majorana
basis by doing an unitary transformation on SNS , the transformed S-Matrix is-
for a = pi: S =

−0.109 + 0.087i 0.043 + 0.022i 0.848 + 0.391i −0.326i
0.913− 0.196i −0.196− 0.261i 0.087 + 0.109i 0.022− 0.043i
−0.022− 0.043i 0.087− 0.109i −0.196 + 0.261i −0.913− 0.196i
0.326i −0.848 + 0.391i −0.043 + 0.022i −0.109− 0.087i
 (25)
and for a = pi/2 is: S =

0.127 + 0.148i 0.861 + 0.206i −0.028 + 0.087i 0.129 + 0.392i
0.053− 0.074i −0.005− 0.412i −0.195− 0.012i −0.747 + 0.474i
0.747 + 0.474i −0.195 + 0.012i −0.005 + 0.412i −0.053− 0.074i
0.129− 0.392i 0.028 + 0.087i −0.861 + 0.206i 0.127− 0.148i
 (26)
S is again an unitary matrix with Det S =Det SNS = −1. Similar to SNS , the transformed S-Matrix S changes with
change of parameters like J , Z, a, but its determinant remains unchanged.
The linearized Hamiltonians for 1D normal metal-SOCSW junction from Ref. 10 (Eq. 11b), Ref. 14 (Eq. 13) and
Ref. 15 (Eq. 15) belong to symmetry class A, which for 1D is no-topological and is therefore bereft of any topological
quantum number[26]. We verify that the S-Matrix for no spin-flip scattering in case of a 1D normal metal-SOCSW
junction also belongs to symmetry class A. So, even though both Hamiltonian and S-Matrix do not satisfy any
symmetry condition, still the conductance is quantized at zero bias. The reason is exact cancellation between normal
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FIG. 7: (a) Det(S) as a function of Z (with J = 1) and (b) Det(S) as a function of J (with Z = 1) in absence of spin-flip
scattering. (c) Absolute value and Argument of complex determinant of S as a function of Z (with J = 1) and (d) Absolute
value and Argument of complex determinant of S as a function of J (with Z = 1) in presence of spin-flip scattering.
Parameters are S′ = m′ = 1/2 (for (a), (b)), S′ = −m′ = 1/2 (for (c), (d)), ∆0 = 0.001, β = 0.5, a = pi.
and Andreev reflection probabilities in the conductance formula (Eq. 18). Differential charge conductance is given as-
Gc = e
2/h(2 + (R↑↑ee +R
↑↓
ee +R
↓↑
ee +R
↓↓
ee )− (R↑↑eh +R↑↓eh +R↓↑eh +R↓↓eh)). In no flip process and at zero energy (E = 0),
R↑↑ee +R
↑↓
ee +R
↓↑
ee +R
↓↓
ee = R
↑↑
eh+R
↑↓
eh+R
↓↑
eh+R
↓↓
eh = 1. Thus, normal reflection probabilities exactly cancel the Andreev
reflection probabilities in conductance formula and this leads to the quantized conductance (Gc = 2e
2/h) at zero bias.
The invariance of Det S to change in parameters suggests that Det S can act as a sort of pseudo topological quantum
number for the 1D normal metal-SOCSW junction which belongs to class A a non topological symmetry class in 1D.
Det S is a topological quantum number for symmetry class D[26]. The topological quantum number for class D, i.e.,
Det S = (−1)N0 , where N0 is the number of negative eigenvalues (−1) of the S-Matrix S. In Figs. 7(a) and (b), Det
S is plotted as a function of Z and J respectively. We see that the condition Det S = (−1)N0 is satisfied and Det
S = −1 does not change with change in Z and J .
In presence of spin-flip scattering (S′ = 1/2, m′ = −1/2, F = 1), and parameters J = 1, Z = 1, E = 0, β = 0.5
and BZ = 1.5∆0, the S-Matrix for a 1D normal metal-SOCSW junction is given as-
a = pi2 : SNS =

−0.055 + 0.435i 0.428 + 0.199i −0.109 + 0.207i 0.698 + 0.207i
−0.436 + 0.492i −0.055 + 0.435i 0.184− 0.039i −0.232− 0.536i
−0.232− 0.536i 0.698 + 0.207i 0.151− 0.301i −0.022− 0.123i
0.184− 0.039i −0.109 + 0.207i −0.767− 0.456i 0.151− 0.301i
 (27)
a = pi: SNS =

−0.166− 0.525i −0.313 + 0.121i 0.249 + 0.299i 0.656 + 0.037i
0.546 + 0.028i −0.166− 0.525i 0.289− 0.140i 0.161− 0.518i
0.161− 0.518i 0.656 + 0.037i −0.158 + 0.343i −0.145− 0.332i
0.289− 0.140i 0.249 + 0.299i 0.733− 0.254i −0.158 + 0.343i
 (28)
where SNS is a unitary matrix with SNS .S
†
NS = 1. The determinant of the S-Matrix for a = pi/2 and a = pi are
e−i2.76667 and ei2.92505 respectively with absolute value 1. In contrast to no flip case, both the S-Matrix (SNS) and its
determinant (Det SNS) change with change of parameters like J , Z. Similarly, as discussed before, we do a unitary
transformation on SNS to transform its basis from particle-hole to Majorana. In Majorana basis the transformed
scattering matrix is given as-
a = pi2 : S =

−0.123− 0.098i 0.901 + 0.245i 0.003− 0.164i −0.161 + 0.225i
−0.418− 0.021i −0.123− 0.098i −0.474 + 0.166i −0.73− 0.041i
0.739 + 0.041i 0.161− 0.225i 0.219 + 0.231i −0.495− 0.168i
0.474− 0.166i −0.003 + 0.164i −0.785 + 0.057i 0.219 + 0.231i
 (29)
a = pi: S =

0.043− 0.200i 0.427− 0.068i 0.843− 0.048i −0.227− 0.084i
0.929− 0.253i 0.043− 0.200i −0.141− 0.093i 0.026 + 0.041i
−0.026− 0.041i 0.227 + 0.084i −0.368 + 0.018i −0.885− 0.143i
0.141 + 0.093i −0.843 + 0.048i 0.351 + 0.027i −0.368 + 0.018i
 (30)
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where S is an unitary matrix with Det S =Det SNS . Similar to SNS , its determinant Det SNS depends on the various
junction parameters. The differential charge conductance can be written as- Gc = e
2/h(2+(R↑↑ee +R
↑↓
ee +R
↓↑
ee +R
↓↓
ee )−
(R↑↑eh + R
↑↓
eh + R
↓↑
eh + R
↓↓
eh)). In absence of spin flip scattering, normal reflection probabilities and Andreev reflection
probabilities exactly cancel each other at zero bias, i,e., R↑↑ee +R
↑↓
ee +R
↓↑
ee +R
↓↓
ee = R
↑↑
eh +R
↑↓
eh +R
↓↑
eh +R
↓↓
eh = 1. Thus
the zero bias conductance Gc is quantized at 2e
2/h. But, in presence of spin-flip scattering (S′ = 1/2, m′ = −1/2,
F = 1) and for parameters E = 0, β = 1 and BZ = 1.5∆0 from Eq. 18 we get-
R↑↑ee +R
↑↓
ee +R
↓↑
ee +R
↓↓
ee =
400+264J2+33J4+320JZ+144J3Z+640Z2+352J2Z2+256JZ3+256Z4
400+200J2+29J4+320JZ+112J3Z+640Z2+288J2Z2+256JZ3+256Z4 , (31)
R↑↑eh +R
↑↓
eh +R
↓↑
eh +R
↓↓
eh =
400+136J2+25J4+320JZ+80J3Z+640Z2+224J2Z2+256JZ3+256Z4
400+200J2+29J4+320JZ+112J3Z+640Z2+288J2Z2+256JZ3+256Z4 . (32)
From Eqs. 31, 32, it is evident that- R↑↑ee + R
↑↓
ee + R
↓↑
ee + R
↓↓
ee 6= R↑↑eh + R↑↓eh + R↓↑eh + R↓↓eh. Thus, there is no exact
cancellation at zero bias between normal and Andreev reflection probabilities in presence of spin flip scattering and
as a consequence zero bias conductance isn’t quantized at 2e2/h and depends on parameters like J , Z, etc.
In Figs. 7(c) and 7(d) we plot both absolute value and argument of the complex determinant of S as a function
of Z and J respectively for a 1D normal metal-SOCSW junction(Fig. 3). Det S 6= (−1)N0 , is no longer invariant
to change of parameters. Further, we also notice that Abs(Det S) remains constant at 1, while the argument of the
complex determinant (Arg(Det S)) changes with J and Z. The S-Matrix which belongs to class A is non-topological
and in presence of spin flip scattering the exact cancellation of normal and Andreev reflections no longer holds and
as a result ZBCP is no longer quantized at metal-SOCSW interface.
IV. CONCLUSION
To conclude, we have shown that zero bias quantized conductance Majorana peaks remain unaffected, in presence
of spin flipper, at metal-p-wave superconductor interface while zero bias conductance peak at metal-SOCSW interface
loses its quantization in presence of spin flip scattering. Further, we find that in presence of spin flip scattering a
normal metal-p-wave superconductor junction belongs to the symmetry class BDI and topological quantum number
for class BDI does not change with change of parameters. But, for normal-metal-SOCSW junction the determinant
of the scattering matrix is complex and Det S changes with change of parameters due to spin flip scattering. The
S-Matrix for a 1D normal metal-SOCSW junction does not satisfy any symmetry relation and thus belongs to the non-
topological class A. The reason for ZBCP in a 1D normal metal-SOCSW junction in absence of spin-flip scattering is
the exact cancellation at zero bias of the normal and Andreev reflection probabilities and not because of any inherent
topological character of the 1D normal metal-SOCSW junction. However, in presence of spin flip scattering in a 1D
normal metal-SOCSW junction the exact cancellation of normal and Andreev reflection probabilities is no longer valid
and as a consequence the ZBCP loses it quantization.
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